ination after entering brain dock and was referred to our hospital. Neurological examination showed no abnormal findings, but bruit was evident at left sided posterior auricular portion. Angiography revealed an isolated dural arteriovenous fistula (AVF) in the left sigmoid sinus (figure 1). Cortical venous reflux was remarkable. Initially transarterial embolization for the left occipital and middle meningeal arteries was performed, then TVE was tried, but conventional access to the lesion from the confluence via contralateral sinus and also the left internal jugular vein failed because of interference of the rigid thrombus. The external jugular vein participated as draining vein, but severe stenosis interfered with advancement of the catheter. Therefore, direct puncture to the left external jugular vein beyond the stenosis was performed under road mapping, which was successful (figure 2) and the dural AVF could be completely occluded with platinum coils.
Follow-up angiography one year and two months after the treatment showed disappearance of the dural AVF (figure 3). Thereafter, he started weight training without informing his chief physician. One year after beginning training, he suffered a headache and blurred vision and was again admitted to our hospital. Angiography showed persistent disappearance of figure 4) . SSS was present defined by a right internal carotid angiogram. Transarterial embolization for the right occipital artery and left superficial temporal artery was performed because the superior sagittal sinus was patent.
Summary
The patient rejected open surgery and was followed conservatively in our out-patient clinic. Follow-up MRA showed gradual decrease of the dural AVF and his headaches are decreasing without blurred vision.
Discussion
Houser et Al 3 first reported two cases of transverse dural arteriovenous malformation as an acquired lesion, one one year and the other four years after angiographic demonstration of sigmoid or transverse sinus occlusion. Subsequently, Chaundary et Al 4 reported four acquired dural AVFs, from three weeks to three years after trauma, with sinus thrombosis in two out of the four and skull fracture in the other two.
Dural AVFs not associated with dural sinus, injury or/and skull fracture, may develop in the process repair of the dura mater and links with dural sinus thrombosis are frequently recognized. Some authors [5] [6] [7] have proposed a pathogenesis involving second dural AVF development in the recanalizing process with stagnating venous outflow and thrombosis of efferent venous structure due to the first dural AVF. On the other hand, Terada et Al 8 from an experimental study, concluded that chronic venous hypertension of two to three months duration, without associated venous or sinus thrombosis, can induce new AVF's affecting the dural sinuses. In the present case also, thrombosis of the SSS was not demonstrated. Dural AVFs may develop with addition of some factors, but venous hypertension may be the main cause of development of dural AVF associated with dural sinus.
The underlying mechanism can be explained in terms of pre-existing anastomotic channels (physiologic AV shunts) in the dura mater 9, 10 which are tiny vascular channels in normal condition, but become opened and dilated to compensate for venous hypertension.
With reports of multiple dural AVF 7, [11] [12] [13] [14] [15] [16] [17] , the majority are located on the same side, including a high frequency of SSS, which is very interesting with regard to the pathogenesis. Barnwell et Al. 5 reported seven patients with multiple fistulas associated with venous obstruction. Disturbance of the venous circulation and hypertension have been suggested as essential factors for dural AVF development, especially when locating far from sinus occlusion, with or without thrombosis. Halbach et Al 13 reported SSS dural AVF to be comparatively rare (7/65:11%) in dural AVFs, a direct contribution of direct head injury and thrombosis being evident in three of seven. The present case suffered no head injury or sinus thrombosis and the occurrence was more than two years after occlusion with left sigmoid sinus coil embolization. Newly developed dural AVF of SSS were at a distance from the occluded sinus. Some dural AVFs occur with remarkable predominance. For example, dural AVFs of the cavernous sinus occur predominantly in women, especially in post-menoposal cases or in comparative young adults after abortion or delivery. Decrease in female hormone levels might be related to the development of dural AVF in the cavernous sinus 18 . Anterior fossa dural AVFs, in contrast, show a remarkable male dominance, and occur without sinus occlusion and injury. The etiology is unknown, but sex hormone might again be related. The other major dural AVFs occur with no remarkable sex bias.
TVE may be an effective treatment for dural AVFs localized in the sinus, paticulary with regard to aggressive lesions featuring cortical venous reflux 1,2 , but for patient with complete occlusion defined by angiography, insufficient attention may have been paid to venous pressure. New development of dural AVF after TVE for dural AVF has been reported [19] [20] [21] [22] [23] [24] (Table 1) . Time until new developments after sinus packing is reported to be range from four months to 30 months (average: ten months). All except one case 24 developed after cavernous sinus packing for dural AVF or direct fistula.
Kiyosue et Al 24 reported two cases, of which one has developed on the sigmoid sinus after transvenous embolization of a paratransverse sinus dural AVF. They mentioned that angiogenesis (expression of vascular endothelial growth factor and basic fibroblast growth factor) resulted in hypoxia due to venous hypertension as a result of venous occlusion created by the initial transvenous embolization, which might be essential for new development of a dural AVF. Yamashita et Al 21 reported a patient newly developed sigmoid sinus dural AVF after successful TVE of a cavernous dural AVF for which they discussed the pathogenesis of second dural AVF. They argued that manipulation of a catheter and guide wire to negotiate a path to the inferior petrosal sinus may inadvertently injure the intima of the sigmoid sinus, and hence induce thrombosis, which may eventually lead to a dural AVF. All eight reported cases occurred with the transvenous route of sinus packing.
In the present case, TVE was performed via direct puncture of the external jugular vein and the catheter did not injure the para-SSS, called the accessory sinus by Piske et Al 25 . They mentioned this to be one compartment of the SSS. The SSS was patent in our patient defined by internal carotid angiography. However, transvenous embolization was undergone via the ipsilateral jugular vein and contralateral transverse sinus for our isolated dural AVF. Right transverse sinus irregularity suggested thrombosis to be present on the angiogram at the time of new development of the dural AVF. Venous hypertension may be accerelated by such contralateral sinus stenosis. More likely, the weight training for one year might have been directly associated with development of the secondary dural AVF in our case.
Dehydration induced by the training or an original tendency hypercoagulability, not defined on examination, might be associated with thrombus formation.
Newton et Al 26 mentioned in five of eleven dural AVF patients that onset of the fistula may have been related to straining or heavy lifting. Especially in patients undergoing TVE, venous pressure may readily become raised, so that they should be guided to avoid straining actions such as with constipation, coughing, head standing and also lifting heavy weight. A posture to keep the head up during sleeping may also be recommended to improve the venous circulation. Anticoagulants or antiplatelet therapy may be needed for patients after TVE and in such cases careful attention should be paid long term by radiological and clinical examination. 
